RV/TLC and spirometry-measured FEV 1 /FVC and FEV 1 . In subgroups of the cohort, we examined the association of maximum oxygen consumption ( _ VO 2 max) on exercise testing with RV/TLC (n = 179), dynamic hyperinflation (exercise-induced changes in fraction of tidal breathing that is flow-limited on expiration [percentage of expiratory flow limitation, %EFL] and end-expiratory lung volume) (n = 32), and radiographic gas trapping (percent low attenuation area in 2860 to 2950 Hounsfield units at end-expiration on computerized tomographic imaging of the lungs ]) (n = 23).
Rationale: Whereas asbestos burden has been linked to cytogenetic alterations in malignant pleural mesotheliomas, epigenetic aberrations induced by these fibers have not been fully delineated.
Objectives: The objective of this study was to establish an in vitro model to characterize early epigenetic events potentially contributing to malignant pleural mesothelioma.
Methods: Normal human mesothelial cells (LP9 and LP3) were cultured with or without crocidolite asbestos fibers (1 or 2 mg/cm 2 ) for up to 10 days. Messenger RNA, microRNA, and protein levels were assessed by quantitative reverse transcriptase-polymerase chain reaction and immunoblot techniques. Methylation-specific polymerase chain reaction, pyrosequencing, and quantitative chromatin immunoprecipitation techniques were used to correlate changes in gene expression with epigenetic alterations in the respective promoters.
Results: Asbestos mediated time-and dose-dependent repression of Ras association domain-containing protein 1 (RASSF1A), p16 kinase 4a inhibitor (p16INK4a), and p14 alternative reading frame (p14ARF) in normal mesothelial cells; this phenomenon coincided with upregulation of DNA methyltransferase 1 (DNMT1) as well as increased expression of enhancer of zeste homolog 2 (EZH2). Upregulation of EZH2 coincided with repression of microRNA 26A and microRNA 101, which target the 39 untranslated region of the EZH2 transcript. Silencing of RASSF1A, p16INK4a, and p14ARF coincided with recruitment of EZH2 and concomitant increases in the PRC-2-mediated repressive histone mark, histone H3 lysine 27 trimethylation (H3K27me3), and decreased levels of histone H3 lysine 27 acetylation (H3K27ac3) (histone activation mark) within the respective promoters. Asbestos induced de novo DNA methylation in the promoter of RASSF1A, but not within the INK4a/ARF locus. 5-Aza-29-deoxycytidine (0-0.5 mM for 72 h) induced dose-dependent activation of RASSF1A (but not p16/p14) in malignant pleural mesothelioma cells; this phenomenon coincided with DNA demethylation and decreased occupancy of DNA methyltransferase 3B within the RASSF1A promoter.
Conclusions: Asbestos mediates rapid inactivation of Hippo, Retinoblastoma, and p53 tumor suppressor pathways in normal human mesothelial cells via epigenetic repression of RASSF1A, p16INK4A, and p14ARF, respectively. This in vitro model may prove useful for delineating the sequence of epigenetic events contributing to malignant pleural mesothelioma, and the development of novel strategies for treatment and possible prevention of these neoplasms. Previously we reported that mithramycin represses multiple pathways critical for stem cell signaling and pluripotency in lung cancer cells. This phenomenon coincided with decreased side population fraction and dramatic dose-dependent growth arrest of lung cancer cells in vitro and in vivo. In the present study, microarray, quantitative reverse transcriptase polymerase chain reaction and immunoblot experiments were performed to further examine the effects of mithramycin on stem cell gene expression in lung cancer cells. This analysis revealed that mithramycin significantly inhibited expression of musashi-2 (MSI2), which encodes a RNA binding protein that mediates self-renewal and pluripotency in normal stem cells and has been implicated in mediating aggressive phenotype of a variety of human malignancies. MSI2 expression levels were significantly increased in non-small cell lung cancer lines and were even more dramatically elevated in small-cell lung cancer lines relative to cultured normal human respiratory epithelial cells (small airway epithelial cells / normal human bronchial epithelia / human bronchial epithelial cells; P , 0.001). MSI2 expression levels in primary lung cancers were significantly higher than those detected in adjacent paired normal lung parenchyma (P , 0.0003). Consistent with its putative role as a pluripotency factor, MSI2 messenger RNA as well as protein levels were significantly increased in induced pluripotent stem cells derived from normal human small airway epithelial cells, as well as side population fractions of lung cancer cells. Transient knockdown of MSI2 significantly inhibited proliferation of lung cancer cells; this phenomenon coincided with downregulation of octamer-binding transcription factor 4 (Oct4), Nanog, and MYC. To date, we have been unable to stably knock-down MSI2 in lung cancer cells in vitro or in vivo, suggesting a strong selection pressure to maintain expression of this pluripotency factor during pulmonary carcinogenesis. Under conditions potentially achievable in clinical settings, mithramycin significantly inhibited MSI2 expression in lung cancer cells in vitro and in vivo in a time-and dose-dependent manner. Collectively, these finding suggest MSI2 is a potential master regulator of stem cell gene expression and pluripotency in lung cancer cells, and a novel target for lung cancer therapy. Rationale: The effects of hookah smoke on respiratory epithelia have not been well characterized.
Objectives: To characterize and compare the effects of hookah tobacco smoke and conventional cigarette smoke on the epigenome and transcriptome of human respiratory epithelia.
Methods: Normal human small airway epithelial cells and cyclindependent kinase 4/human telomerase reverse transcriptaseimmortalized human bronchial epithelial cells were cultured for 5 days in normal media in the presence or absence of water pipe condensates or cigarette smoke condensates under relevant exposure conditions. CyQUANT assay (Thermo Fisher Scientific), RNA sequencing, quantitative reverse transcriptase-polymerase chain reaction, and Western blotting techniques were used to examine/compare the effects of hookah and cigarette smoke on cell proliferation, messenger RNA/microRNA expression, and global histone marks.
Results: Water pipe condensates-and cigarette smoke condensates-mediated, dose-dependent growth-inhibitory effects in cultured respiratory epithelial cells were measured. Under conditions mediating equipotent mild to moderate growthinhibitory effects, water pipe condensates as well as cigarette smoke condensates decreased histone H4 lysine 15 acetylation (H4K16ac) and histone H4 lysine 20 trimethylation (H4K20me3) levels in small airway epithelial cells and human bronchial epithelial cells; these histone alterations are putative "hallmarks of cancer." RNA sequencing analysis demonstrated that cigarette smoke condensates and water pipe condensates mediated dose-dependent alterations in gene expression in small airway epithelial cells and human bronchial epithelial cells. A total of 873 genes were commonly regulated (fold change .2) by water pipe condensates (1.0 mg/ml) and cigarette smoke condensates (0.05 mg/ml) in small airway epithelial cells, whereas a total of 1,577 genes were commonly regulated by water pipe condensates (1.0 mg/ml) and cigarette smoke condensates (0.05 mg/ml) in human bronchial epithelial cells. Ingenuity Pathway Analysis (QIAGEN Bioinformatics) of the 100 genes commonly regulated by water pipe condensates and cigarette smoke condensates in small airway epithelial cells and human bronchial epithelial cells demonstrated that the top
